A full circle PCR method, employing a Stratagene QuikChange site-directed mutagenesis protocol, was used to generate the desired mutations in full-length Rac1 and its constitutively active form V12Rac1. The following GFP-fused Rac1 mutants were obtained: C178S, C6S and C6S+178S. The presence of the desired mutation and the absence of unanticipated changes were confirmed by automated DNA sequencing. All Rac1 constructs were also cloned into the BspE I/EcoR I sites of pCherryC1. pmRFPRuby-N1-Lifeact, a marker of the actin cytoskeleton in vivo, was kindly provided by Roland Wedlich-Soldner (Riedl et al, 2008) . Lifeact is a 17 amino acid peptide that selectively stains filamentous actin (F-actin structures in eukaryotic cells).
The cDNAs encoding Rac2 and Rac3 isoforms were generated by PCR-mediated site-directed mutagenesis. PCR-amplified bands of both isoforms were ligated into the pGEM-T vector and sequenced. The ligated pGEM-T vectors were double digested with BspE I/EcoR I and ligated into the corresponding sites in pEGFP-C3. Deletion Rac1 mutant ΔP, which lacks the three proline residues from positions 179-181 was constructed using an oligonucleotide-directed approach with the QuikChange site-directed mutagenesis kit. The sequence of the construct was confirmed by direct DNA sequencing.
PCR amplified bands corresponding to the cDNAs encoding Rac1 wt and C178S mutant were double digested with BamH I/ EcoR I and ligated into the corresponding sites in the lentiviral vector pRRL-CMV-IRES-Cherry.
Cell culture assays
Mouse embryonic fibroblasts (MEFs) were cultured in a 5% CO 2 atmosphere at 37ºC in DMEM (Dulbecco's Modified Eagle's Medium) supplemented with 10% foetal bovine serum (FBS), 100 U/ml penicillin and 100μg/ml streptomycin. COS-7 cells were cultured under the same conditions, with additional supplementation with 2 mM L-glutamine. MEFs were transiently transfected in 4 mm gap cuvettes by electroporation at 350V for 10 ms (BTZ) with an ECM 830 electroporator (BTX). The electroporation mixture contained 5 μg of the desired vector and 35 μg of salmon sperm DNA (Invitrogen). COS-7 cells were transiently transfected using Escort IV transfection reagent (Sigma). Cells were typically analyzed 30-48 h post transfection.
Jurkat T-cells were maintained in RPMI medium supplemented with 2 mM glutamine, 5mM
antibiotics, 20mM HEPES (pH 7.4) and 10% FBS. Plasmids encoding GFP fusions of V12Rac1 and the V12C178S mutant were transfected into T cells by electroporation as follows: 10 7 cells from exponentially growing cultures were electroporated at 200V and 960 mF with 5 µg plasmid and 20 µg salmon sperm DNA as carrier. Sixteen hours posttransfection non-adherent cells were rinsed off and the cells that remained adhered to the FN-coated coverslips (10 g/ml) were analyzed by confocal microscopy.
Rac1
-/-MEFs and were generated from embryonic day 11.5-13.5 mouse embryos of the Rac1 loxp/loxp and Rac1 wt/wt genotypes (Guo et al, 2006) . To delete the Rac1 allele, Rac1 loxp/loxp MEFs were infected with adenovirus expressing Cre-recombinase (adeno-Cre). After three days, Rac1 expression was analyzed by western blot. Rac1 COS-7 cells grown on p100 plates were transfected with 5 g of the indicated pEGFP construct, and lysates were prepared 48 h later and incubated with 10 µl anti-GFP polyclonal antibody at 4ºC for 4 h. Protein A-Sepharose beads (25 µl) were added to each sample and incubations carried out at 4ºC for 2 h. Beads were washed in lysis buffer and incubated with lysis buffer containing 50 mM N-ethylmaleimide (Sigma) for 48 h at 4ºC. After washing the beads, thioester bonds in bound proteins were cleaved by incubation with 1M hydroxylamine, pH 7.4 for 1 h at 25ºC. Beads were washed again and incubated (2 h, 25ºC) with 0.5 µM biotin-BMCC (pH 6.2) (Pierce), which recognizes free sulfydryl groups. After washing, beads were resuspended in sample loading buffer, and eluted proteins were resolved by SDS-PAGE and transferred to polyvinylidene difluoride membrane. Labeled proteins were detected by incubation with streptavidin-horseradish peroxidase (Pierce), and the content of GFP-tagged proteins by incubation with anti-GFP antibody.
Plasma membrane isolation
Cells were washed twice with buffer A (250 mM sucrose, 1mM EDTA, 20 mM Tricine, pH 7.8), harvested in 3 ml buffer A, centrifuged, resuspended in 1 ml buffer A, and hand homogenized with 20 strokes. Homogenates were centrifuged at 1000g for 10 min. The postnuclear supernatant (PNS) was layered (4 mg protein) on 23 ml 30% Percoll in buffer A and centrifuged at 84.000g for 30 min. The plasma membrane fraction, a visible band approximately 5.7 cm from the bottom of the tube, was collected, diluted with buffer A and centrifuged at 105,000g for 1 h to remove Percoll. Pellets (purified plasma membrane) were analyzed by SDS-PAGE and western blot.
Preparation of detergent-resistant membrane fractions
Two transiently-transfected COS7 p150 plates were scraped and resuspended in 2 ml (final volume) MES buffered saline (MBS: 25 mM MES, pH 6.5, 0.15 M NaCl, 1 mM PMSF plus 1% Triton X-100) at 4°C. Cells were homogenized by a minimum of 10 strokes through a syringe (0.5x16 mm) on ice. The homogenate was brought up to 4 ml by adding 2 ml 80% sucrose in MBS, and placed at the bottom of a Beckman SW40 13 ml Ultraclear tube. The discontinuous sucrose gradient (40-30-5%) was formed by sequentially loading 4 ml 30% sucrose and 4 ml 5% sucrose in MBS. Cells fractions were separated by centrifugation at 200,000 g for 18 h in a SW40 rotor (Beckman) at 4°C. A light, scattered band confined to the 5-30% sucrose interface was observed that contained most caveolin-1 protein and excluded most other proteins. Twelve 1 ml fractions were collected, starting from the bottom of the tube.
An equal volume of cold acetone was added to each fraction and the proteins precipitated overnight at 4°C. Protein pellets were collected by centrifugation at 16,000 g and air dried for 2 h to eliminate acetone traces. The protein precipitates were then analyzed by SDS-PAGE and western blot.
Confocal immunofluorescence microscopy
Cells grown on glass coverslips were washed twice with PBS and fixed for 15 min at room temperature in 2% paraformaldehyde in PBS. 
Purification of recombinant proteins
In Rac pull-down assays, PBD was purified as a glutathione S-transferase (GST) fusion protein, as previously described (del Pozo et al, 2000; Glaven et al, 1999 ).
Recombinant His 6 -N-terminal-tagged human Rho-GDI in a modified pET22B vector was purified from the BL21(DE3) E. coli strain, as previously described (Gong et al., 2001 )
Rac GTPase assay
Cells were lysed in a specific buffer containing 20 µg recombinant GST-PBD. To preload Rac with the non-hydrolyzable GTP analogue GTP-gamma-S, cells were lysed in magnesium-free buffer containing 5 mM EDTA and 50 µM GTP-gamma-S. After incubation at 30ºC for 5 min, the reaction was stopped by raising the concentration of free Mg 2+ to 6 mM. Lysates were incubated with glutathione-agarose beads (GE Healthcare) for 30 min at 4ºC. Beads were washed, and bound proteins eluted with sample loading buffer. Western blots were analyzed for Rac1 with monoclonal anti-Rac1 antibody or polyclonal anti-GFP. Whole-cell lysates were also analyzed for normalization.
Rac1 pull-down with bacterially-expressed GDIs and coimmunoprecipitation

2-Brp treated MEFs or COS7 cells expressing different Rac1 constructs were lysed in 50 mM
Tris, pH 7.6, 150 mM NaCl, 1% Triton X-100, 1mM EDTA, protease inhibitor cocktail (Roche), 20 mM glycerophosphate, 25 mM NaF and 1mM orthovanadate. Cleared lysates were incubated with bacterially-expressed GDI immobilized onto nickel chelatin resin (Quiagen) at 4ºC for 1 h. After washing beads with lysis buffer three times, proteins pulled down with GDI were separated by SDS-PAGE and analyzed by western blotting. For coimmunoprecipitation, lysates from COS7 cells coexpressing myc-tagged RhoGDI with GFP-tagged Rac1 constructs were precipitated with anti-GFP monoclonal antibody before incubation with protein G sepharose beads, and analyzed by western blot.
Cholesterol Determination
Cholesterol levels were determined using the Amplex Red cholesterol assay kit (Invitrogen A12216) in accordance to the manufacturer´s protocol. 
